Abstract. The main focus of this research is to study the strength of concrete with ceramic waste as coarse aggregate. The sources of ceramic waste are obtained from the industrial in Malaysia. Presently, in ceramics industries the production goes as waste, which is not under going the recycle process yet. The potential of recycled ceramic waste as a substitute for coarse aggregates in concrete has been investigated. The recycle ceramic waste as aggregate was used. Concrete mixes with a 28 days characteristic strength of 20 MPa were prepared using water/cement ratio of 0.4, 0.5 and 0.7. The strength development of the concrete mixes containing recycled ceramic waste aggregates was compared to that of conventional concrete. The result show that the concrete mixes containing recycled ceramic waste aggregates achieve strength levels between 80 to 95 % compared to the conventional concrete. This indicates that the recycled ceramic waste has a potentially to be used as coarse aggregates for concrete.
Introduction
This research was focused on ceramic wastes obtained from the industry in Malaysia. Recently, in the ceramics industry, much of the material becomes waste, and it is not recycled. It has been estimated that about 30% of the daily production in the ceramics industry goes as waste. In this study, an attempt was made to determine the suitability of the industrial ceramic wastes as a possible substitute for conventional crushed stone coarse aggregate [1] .
A review of earlier research showed that industrial wastes as well as other wastes have been used in making concrete to improve the its properties to reduce cost. Inclusion of recycled rubber tire fibers in concrete was found to avoid the opening of cracks and to increase energy absorption [2] . Lightweight, structural concrete has been produced using oil palm shells [3] and demolished masonry waste [4] as aggregates in concrete. An improvement in the modulus of elasticity of concrete was observed with partial replacement of crushed stone coarse aggregate with crushed vitrified soil aggregate [5] .
Akhtaruzzaman and Hasnat [6] studied the use of crushed brick as a 100% replacement for coarse natural aggregates in concrete. The crushed brick particles had a unit weight, a bulk specific gravity (SSD), and a water absorption value of 953 kg/m 3 , 1.93, and 11.2%, respectively. The resulting concrete had a unit weight between 2000 and 2080 kg/m 3 and a compressive strength between 13.8 and 34.5 MPa. It was found that the tensile strength of the brick concrete was about 11% higher than that of normal concrete. Poon and Chan [7] conducted a study in which they produced paving blocks prepared with 25% crushed clay brick that satisfied the compressive strength requirement for paving blocks (Grade B) prescribed by ETWB of Hong Kong for trafficked areas.
The principal target of the experimental of program was to determine the contribution of the waste aggregate type to the improvement of the strength behavior of the confined concrete. The experimental program comprised the study of the behaviors of fresh and hardened concrete with ceramic waste coarse aggregate and compared the respective properties with conventional concrete.
Experiments were conducted to determine the development of the strength of concrete with ceramic waste as coarse aggregate and compare it to the strength of conventional concrete. The development of the properties of the concrete was observed by substituting crushed waste ceramic materials for the crushed stone as coarse aggregate. The compressive strength was unchanged when ceramic wastes replaced a portion of crushed stone aggregate in conventional concrete. The ceramic waste as coarse aggregate had several enhancing effects compared to conventional concrete, including improving its compressive strength.
Raw Materials
Ceramic Waste as Coarse Aggregate. Ceramic wastes, such as flowerpots, tiles, and brickware were broken into small pieces of about 5 -40 mm in size by a hammer. These small pieces were fed into vibrator and then sieved to obtain the required sizes of 14 -20 mm. Fig. 1 shows the sample of ceramic waste coarse aggregate.
Fig. 1: Ceramic waste coarse aggregate
Other Components of the Concrete Mix. In conventional concrete, crushed stone is used as coarse aggregate and river sand is used as fine aggregate. Coarse aggregate is usually gravel or crushed stone. The size range from the ¼ inch to the maximum size permitted for the job. River sand as fine aggregate consist of particles ¼ inch or less in size. Crushed stone and river sand are commonly use as aggregate in concrete to provide higher volume at lower cost. Ordinary Portland cement, locally available river sand and natural stone aggregate of maximum size 20 mm were used in the conventional concrete. Mix proportions. The constituent used were divided into different fractions to determine the mix proportions that would yield the targeted compressive strength at a test age of 7 days. The optimum mix proportions included the optimum ratio of the coarse aggregate, sand, cement and water to give the best properties. Three types of ceramics waste as coarse aggregate mixes were designed by the volumetric method with different water-cement ratio (0.4, 0.5 and 0.7). The conventional concretes mixes were designed with crushed stone coarse aggregate. The volume of individual ingredients was the same for both the ceramic waste coarse aggregate concrete and conventional concrete mixes. In a concrete mixing, the water, cement and sand (as fine aggregate) content used is equal to the conventional concrete mix but it differ according to its aggregate roughness. The mix proportional of the sample is presented in Table 1 . 
Procedures
Raw concrete ingredients consist of raw material that are aggregate, Portland cement and water. The aggregate are divided into two types that are coarse aggregate and fine aggregate. The coarse aggregate consist of ceramic waste and crushed stone where as fine aggregate consist of the sand. The ratio for each model was based on volumetric method. The measurement used in this research is kilogram/meter cube (kg/m 3 ). The coarse aggregate are ceramic wastes such as flowerpot, tiles and clay brick are crushed to small pieces by a hammer. These small pieces are then fed into the vibrator sieved t get the required 14-20 mm size [8] .
The raw material i.e. water; Portland cement and aggregate were mixed. After the mixing process, the entire models were measured using the slump test. Then the concrete mixtures were sampled in the cube mold with the size of (150 x 150 x 150) mm. For every mix proportions, six samples were made. After a day, the sample was opened from the mold and then was cured in the water. All the desirable's properties of concrete are improved by proper curing process. The concrete which is moist was cured for 28 days .After 28 days the cube test was carried out using the universal testing machine (UTM) to measure the strength for each cube [8] .
Result and Discussion
Properties of Ceramic Waste Coarse Aggregate Concrete. The properties of the ceramic waste coarse aggregate concrete are presented in Table 2 . The results presented in the table are the averages of the results from the testing of six cubes. Fresh ceramic waste coarse aggregate concrete was more cohesive and workable than conventional concrete. This is due to the lower water absorption and smooth surface texture of the ceramic waste coarse aggregate. The compressive strength of concrete with recycle ceramic waste aggregate varied from 10 -17 MPa compared to 15 -21 MPa for conventional concrete.
As far as strengths are concerned, the basic trend in the behavior of ceramic waste coarse aggregate concrete is not significantly different from that of the conventional crushed stone aggregate concrete. The use of crushed ceramic waste as aggregates reduced the density of the concrete. The density of concrete with recycle ceramic waste aggregate was between 2000 -2150 kg/m 3 compared with 2200 -2350 kg/m 3 for conventional concrete. However, the results of the slump test were still in design range of 30 -60 mm. Concrete with recycle ceramic waste aggregate can be transformed into useful product and they are applicable for the range of parameter and material used. The sample of concrete with recycle ceramic waste aggregate product presented at Fig. 2 . 
Conclusion
This paper presents the results of an investigation of the use of crushed recycled ceramic waste as aggregates in the production of paving blocks. Based on the results of this study, the following conclusions were drawn: 1. The use of crushed ceramic waste as aggregates reduced the density of the concrete. 2. The compressive strength of the concrete decreased as the proportion of crushed ceramic waste was increased. The above conclusions were drawn from the study of ceramic waste coarse aggregate concrete, and they are applicable for the range of parameters and materials used in this study. Ceramic waste can be formed into useful coarse aggregate. The properties of ceramic waste coarse aggregate are within the range of the values of concrete making aggregates. The properties of ceramic waste coarse aggregate concrete are not significantly different from those of the aggregates normally used in conventional concrete. This research work provides a basis for future experiments related to the potential for using recycled ceramic waste as coarse aggregates for making concrete. 
